Abstract -Neuroanatomy in addition to neurophysiology, are the basic areas for the proper formation from health students to specialized professionals in neuroscience. A step by step guide for practical studies of neuroanatomy is required for this kind of knowledge to become more acceptable among medical students, neurosurgeons, neurologists, neuropediatricians and psychiatric physicians. Based on the well known courses of sulci, gyri and ventricles offered by Beneficência Portuguesa Hospital in São Paulo, Brazil, two times a year, since 1994, totalizing more than 20 complete courses, and answering the request of many neuroscience students and professionals whose asked for a practical guide to the neuroanatomy study, the authors suggest a protocol for the study of superficial and deep brain structures showing how to approach the more structures as possible with minimum damage to the anatomic piece and with the smaller number of brains.
The study of neuroanatomy is one of the most challenging issues for the proper formation of medical students, residents of neurology, neurosurgery, neuropediatrics and for those interested in medical sciences. Therefore, according to Brazilian Ministry of education and Culture, there are terms for all medical schools that make the study of neuroanatomy an obligation for the acceptance of that institution as one registered and allowed to offer neuroscience residency programs 1 . The use of fixed brains for this purpose is wide accepted but some details of neuroanatomy are usually missed if a defined protocol of dissection is not followed. The damage to the formolized brain is another matter that can happen if there is no guidance in that study, especially with the difficult access to these organs in most places. The description of the already namely structures, sulci, gyri and ventricles elements and its relations are not the objective of this paper as it is already described and wide accessible to all neuroscience students [2] [3] [4] [5] . we suggest a step by step protocol of brain dissection for the study and identification of the supratentorial structures since the acquisition of the brain from the cadaver to the study of the deep anatomic structures.
MethoD
The brains used in the courses mentioned before in the text, as well as those dissected and shown in the pictures comes from the Serviço de Verificação de Óbitos (Svo) from S.Paulo, Brazil, which is a public organ for death investigation. A fresh brain is the best way to achieve an adequate neuroanatomical study. It must be removed from the cadaver as soon as possible. The internal carotids and the basilar artery should be catheterized with a number 10 vesical catheter and washed with saline solution or water for several times, until the blood is washed away from the tissue and, after that, the brain should be immediately immersed in 4% formol solution. It must be kept immersed for a month, at least. After that, the fixated brain is washed with abundant water for beginning the steps for practical study.
results

Step 1
The arachnoid and the cortical and sulcal vessels must be taken out from the brain to expose the sulci and gyri. An adequate technique must be followed to avoid damage to the cortex as shown in Figure 1A . After that, the brain is ready to begin the identification of superficial and basal structures.
The brain has three surfaces: medial, superolateral and basal surfaces. They are limited by the borders of the brain: superomedial, inferolateral, medial occipital and medial orbital. The identification of the sulci and gyri begins from the convexity (Table) , in the superolateral surface, which is limited by the superolateral and inferolateral borders. The sylvian fissure, or lateral sulcus, and its divisions must be identified first. The anterior horizontal ramus and anterior ascending ramus of the lateral sulcus must be looked for, especially in the left side, where they are the limits for the Broca's area. The posterior ramus of the lateral sulcus should be identified as well. The insula, in the floor of the sylvian fissure, and its relations with each division of this fissure is very important, and should be looked for 2, 3 . The superior (SFS) and inferior frontal sulci (IFS) as the superior (SFG), middle (MFG) and inferior (IFG) frontal gyri must be identified. At the left side, the 3 divisions of inferior frontal gyrus between the anterior ascending and anterior horizontal ramus of the lateral sulcus are found (pars orbitalis, triangularis and opercularis) and its correspondence with the insula limits must be searched for [2] [3] [4] [6] [7] [8] . The relations of the superficial structures with the deep ones, as the place of foramen of Monro according to the superficial landmarks must always be looked for is called intra-parietal point and takes you to the atrium of ventricles 9, 10 . The occipital lobe has an inconstant gyri and sulci but one lateral occipital sulci at least must be identified as continuity from the IPS. The limits of the occiptal lobe, given by anatomic landmarks should be recognized in superolateral surface 2, 11 , a imaginary line between preocciptal notch and the superficial end of the parietocciptal sulcus is the anterior limit of this lobe. The basal surface is limited by the inferolateral and medial occipital and medial orbital borders of the brain. The basal sulci and gyri from temporal and frontal lobes are also studied ( Table) 6 . The relation of anterior perforated substance with the neighborhood structures, cisterns and with the deep correlations in the basal ganglia is a step that should not be forgotten. Also, the basal cistern regions and its relation must be studied 2, 3, 6, 12 . In the medial surface, between the medial orbital and occiptal borders and the superolateral border of the brain, the portions of the corpus callosum, paraterminal gyrus, postolfatory sulcus, paraolfatory gyrus, cingulated sulcus, medial frontal gyrus, paracentral lobule, cingulated gyrus continuing through isthmus to parahippocampal gyrus, parietocciptal sulcus, calcarine sulcus, cuneus and precuneus as especified in Table  2 -4,6-8 .
Fig 1. (A) After the fixed brain is achieved, the arachnoid membrane and its vessels must be taken off using appropriate technique. One of the easiest way is to hold the major sulcal arteries near the superior convexity border and pull it all the way down following the same direction of the sulci. It will avoid that strong and hard vessels cut the brain surface when pulled off. (B) As exposed earlier, the long knife is located in the frontoparietal
Step 2 After the identification of superficial structures, the brain must be cut to provide a deep brain structures study.
A long knife is used to perform this step. All its length must be used to do this step at once as demonstrated by Figure 1B . The anterior point to put the knife in place is the base of the pars triangularis of the IFG and the pos-terior point is located 2 cm above the posterior end of the sylvian fissure. The direction of the knife must be followed in direction to the immediately superior part of the corpus callosum to keep its integrity and make the lateral ventricle roof as thin as possible.
The PreC gyrus must be isolated from the remained cortex and put it in its original place to show the relation of this motor area with the corpus callosum and ventricular cavity after its opening (Fig 1C) .
After this first cut with the long knife, the medial surface of the brain is now clear and even better for identification and study of the medial surface again.
Step 3
The ventricular cavity must be opened. For this purpose, a number 10 blade is used with careful curved movements to expose the entire ventricle without damage to the insula lobe nor the midline structures. It is described in Figure 1d . The study of ventricular walls, its limits, the relation with the associated structures, the choroid fis-
Fig 2. (A) The remaining fronto-partietal operculum must be taken out from the hemisphere to show the insula and the temporal operculum. With one hand, the frontoparietal operculum must be elevated while excised with a number 10 blade along the superior circular sulcus, from the remaining frontal and parietal lobes. The circular sulcus from insula must be shown in all its length after that, as all the short and long insular gyri as well. (B) At the left side of this specimen, no cuts were made in the insular lobe after the frontoparietal operculum was removed. In the right side, after this step, axial cuts from the superior to the inferior aspect of the insular lobe, the central core of the brain, were made to show the deepest structures in the insular lobe and their relations with the ventricular cavity, frontoparietal and temporal operculum. It's the option A, described in the text. These cuts must be done with the long knife in a lateral to medial way, sparing the thalamus to show the ventricular floor, with the help of a number 10 blade as it gets closer to the ventricles. (C) The foramen of Monro is shown with the dissector and the genu of the internal capsule points it, as a usefull tip seen in MRI images. From lateral to medial, the insular cortex, the extreme capsule, the claustrum, the external capsule, the putamen, the globus pallidus, the internal capsule, the caudate nucleus, the thalamus, the choroid fissure, and the fornix should be exposed after these axial cuts in the central core, as shown in the picture. (D) To expose the temporal horn of the lateral ventricles, a cut with the long knife must be done in the superior temporal sulcus, from lateral to medial, toward the insular cortex, removing the superior temporal gyrus or the temporal operculum. After that, progressively deeper cuts are made from lateral to medial in the temporal lobe pointing the inferior circular sulcus of the insula until the tapetum of the corpus callosum, as the most lateral roof of the temporal horn, is thinned. If it hasn't been opened yet, it can be gently done with the number 10 blade following the same technique used when the anterior ventricular horn, body of the ventricle and atrium was opened. The choroid fissure, the Amon's horn, the collateral eminence, the pes hipoccampus, the thalamus, the fimbriae, the anterior choroidal point and the amigdala in the anterior wall of the temporal horn should be identified after this step, as shown.
sure, foramen of Monro, choroid plexus, ventricular vessels, fornix, and septum pellucidum is done 4 . The study of velum interpositum must be done. The surgical routes to access the third ventricle are another training program to this step 13 . The transventricular access to the quadrigeminal cistern is also studied.
Step 4
The frontoparietal operculum need to be taken out to expose the insular cortex and the opercular side from the temporal lobe. It is shown in Figure 2A . The circular sulcus from the insula, insular gyri, central sulcus of the insula and its limits must be identified. The relation from the insular region to the ventricular, basal ganglia and different portions of the internal capsule is one of the most important elements to understand the third dimension view of the superficial and deep supratentorial structures 2, 4, 7 (Fig 2B) .
Option A -A progressive deeper cut in axial plane in the insula lobe can be performed to visualize the relation of the internal capsule, lenticular nucleus, thalamus, caudate nucleus and the foramen of Monro inside the ventricles and the insular cortex. It is described in Figures 2B and 2C . Step 5 exposing the temporal horn of the lateral ventricle and the atrium. The long knife is used to perform the cut taking the superior temporal sulcus as a landmark. The procedure is described in Figure 2d . The opening of the inferior circular sulcus from insula and entering the temporal horn of the lateral ventricle will allow the identification of Ammon' s horn, the collateral eminence, the choroid fissure, and the ventricular and atrial walls. The study of the choroid fissure at this level must be carried out to expose the ambient cistern and its content as its relation to the ventricular structures 4, 5, 14 ( Figs 3A and 3B ).
Option B -At this level, an option B is available if the option A was not carried out or at the other side of the brain, opposite to the axial sliced central core. A sagittal cut can be done if the intention is to study the amigdala and its relations to the globus palidum, uncus, ventricular roof and anterior ventricular walls and also the identification of the retro and sublenticular parts of the internal capsule. The identification and the study of the choroid fissure is also facilitated from this point of view (Fig 3B) .
Step 6 Mesial temporal lobe dissection. Initially, a curved incision is made in the medial aspect of the parahipocampal gyrus using the apex of the uncus, formed by the ambient gyrus of the uncus, and uncal notch ( Figs 3C and 3d) anteriorly and the lateral mesencephalic sulcus posteriorly as landmarks. Progressively deeper and laterally oriented cuts are done toward the rhinal sulcus, with the objective of removing the parahipocampal gyrus and subiculum (Figs 3e and 3F) . The dissection plane is assured by the vessels entering the uncal notch from de carotid and crural cistern. After that, the dissection should expose the fimbriae, the dentate gyrus, the fimbrio-dentate sulcus, choroid fissure, the lateral and medial geniculate bodies and pulvinar of the thalamus and the three little gyri of the posterior segment of the uncus (uncinate gyrus, band of Giacomini and intralimbic gyrus). The anatomic relations between these structures, as the relations between them and the thalamus and geniculate bodies, optic tract and mesencephalon, especially the lateral mesencephalic sulcus should be observed 2, 4, 5, 14 .
Discussion
Since the relation between neuroanatomy and the clinical pictures produced by every structure and their lesions is evident, the study of neuroanatomy, especially of the brain, is essential for many professionals. Most of the articles and books in the subject describes the structures and the relations between then, and do not describe the dissection exercise. we believe that this exercise is a priority and since new specimens are rarely avaiable in most of the laboratories, the dissection and preparation of these specimens are very important, and should be guided with the purpose of showing the largest number of structures as possible, with minimal damage of the piece. For that, a standardized routine sequence of cuts is the best choice. The "step-by-step" dissection described, allow the student to identify all the important structures in each fase of the study, without the risk of damaging other parts of the brain in the attempt to show one in particular. In the end of the study, the student must check the structures studied, as a checklist, to be sure that none of then was left behind.
In conclusion, the dissection is a essential part in the study of neuroanatomy, especially for neurosurgeons, because of the numerous structures in the brain and the clear relation between then and clinical pictures. For that, a sequence of well defined dissection steps assures the identification of all the important structures of the brain, without wasting the specimen. 
